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Itmmi] (i) *«±K, la^A l u Ga v I ni_ u _ v N (tztzL, 0 

^u^i, o^v^i, u + v<i^'&&o ) ^mzti&^mfomz^f&ir&x 

u^mwm omm zmm mt&zuzx^x, mm-?* ?mfrbm&-f% mm* 
[it ^2] m^^tm^yj^^y tx-^yfrh^&mimi 

[fjf^3] BUfS-^^^m^a^A 1 U G ai_ u N (tztzL, 0 < u ^ 1 "C 

o 

[If ^ 6 ] fuie^^Jf^G aN^^jrl), Auia^* * mtmj&^A 1 u 
Gai_ u N (fcrtfU 0. 05^u^lt^ o ) tL^> 3 ^ffiftOI 

m^ms] mm-?*?mi±x h^y^^-->^$*L-c£fK mm 
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[it*^9] huIe (iii) oxhk&^t, mumfc*msZMm<PTfmz 

0] (I) *fc±K, /^-->^^tL/c-7^^IH^fMi-^X 

(id «nBv^^R^c>»mi-&«riaife«±n, i u Ga v i n!_ u _ v 

N (tztzL, O^u^K O^v^l. u + v£l "C^Sft&^IMUfc 
(III) S3R*^-tf#ffl$CTtwi5V>-C, A, T^-^AjsiOM" >v 

^i*n^«b^*m^i o ^ffi«oiii^a<k^*«<7)Mit^feo 

[m^mi 4] (A) **±K, j&m&A l u Ga v I ni_ u _ v N (fztzL, 
O^u^K O^v^K u + v^l-e&& 0 ) "C^^tL^^2g#«^ffM-f * 

( b ) m z*mim <Dmm<r>-u * mt t x mvm. n&m-rz xe t . 
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5] H«ffi (B) CDX*I(i. 

(b- i) mm*mi$m<vmmt-^?-~yyznfz^x?mzfcf&irz>xm 

(b - 2 ) mu^x?mfr^mttii-&MU¥mikm<vmmzmit-fz> ^tci 
o r bu lemibfM * ff^-r & x*i t , 
(b-3) Htrifi^^^m^^-tax^it^^trif^i 4 miscoiin&s 

[it*^ i 6 ] tuifi*w\ OT^> s (oooi) m-chh^yr -r r^R-e 

ab^If^U l Oib^i^l A<D^Kfr\^UWL<r>llimmt^&U<vm& 

ittf*) >y a <o&Mi'C k i oioit/i 4o^i*tL^i^tcfEiRoiii 

^Slbt/^^Mii^&o 

Hi i 8 ] HufB#ffl^^p£E#ffl^:-e*^w nag. i , lo^i^uo 

[If ^ 1 9 ] M%?MMtfT)V U 'J ±^^M K^tsm^. K 1 0 is 

[0 0 0 1] 
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[0 0 0 2] 

a^^u^A (GaN) %£<7>inm&itmt&®¥mfc mr, uimmtm 

fftf^^Mi lt&s $nrv^ 0 n&ytifk-rz v-*f?4~*- k(ld) 

*-K (LED) i47"V ^7 0 l^^^BSB^^^^)Sffl$tL^o fMLDIi 
/^tr^n^ ^OJSffl^tB^ $ tu &fl.*ft LED {4^^T^^#ffl t 

[0 0 0 3] 

LDffl^LEDffl^IIIilftWifl: (taifGaN) 0»if4. jiS. 

L^L***f>> t77^7l«i:G aN|g B H H i:{4. §^tt:i3. 8% 
ilftK&lM&t:: & 2 5 . 8%Oi^4, Z<7)tztt>, ^pe^y 

<b*L&iJSJ&<Z>3Ete?&Jg«i, -iiUf. 1 08 C m-2~l 09cm-2-e*f), |£&?gj£tf> 
*4?ri*M*»«i:fco-Cv>&o £<a»« £1g;3rt 
&^Oa*56*ff*»*LT^ (9 , fcfc xJ4E LOG (Epitaxial late 
ral overgrowth) 2 tlX ^ & <> - ^Tjfe £ 4 *U4\ 

^Jg£ 1 0 5 c m-2~ 1 0 6 c m~2®flti "CT*f * £ ^"C § I^SIS^ 

[0 0 0 4] 

iiTi/;, L^L&# ? <b. G a N^A 1 N^r fOIIIJ^M'fb^ife^Og*^^^ 
-£&7c#>Kl4 1 2 0 0^8 0 0 0^)£<7)#WIt $ ttT § £*UC*tL 
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, Na777n^ffiv^;tf\ 7 5 0°C, 5 O^ffit ^7 it&tftteM. 

G a N £^J&-C § & £ « bUMZZ fifz 0 
[0 0 0 5] 

*j|£"CI±, T>^-T£^tfM|t#*#B5!\.TK£^TG atNa ^l^t 
£ 8 0 0°C, 5 0^J±-e}#8!&£-^ £ <Dmm*m^X 9 6 NfW^W^KT*, ft 
^t^fX^l. 2mmfiS<0^ B H H ^#^tLrv^ (fc 1 ) 

o 

[0 0 0 6] 

tfz^ 1 7 7 7l«±t:|ri^I^iIffi (MOCVDlMetalor 
ganic Chemical Vapor Deposition) (Ciot 
G aN^^g^^HLTtiO^, $rtiJ«& (LPElLiquid Phase 
Epi taxy) ^J:oT^IS H B H ^^ft$-^^^ri^^$tLTV^ 0 
[0 0 0 7] 
[#It3tm 1 ] 

Sfrffl 2002-293696 
[0 0 0 8] 

t-rzmm] 

[0 0 0 9] 
[0 0 10] 
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[0 0 1 1 ] 

h t tm-r %> ^ t * e m t -t & „ 

[0012] 

mm znm-f&fzitxv 

SSAl u Ga v Ini_ u . v N (tzfzL, O^u^l, O^v^l. u + v^K* 

^?--ysf2tLtz-?x7m*Mmirz>j:mt, an) mm^^tsM-mnrr^ 

III^M^tJ|g H H H <h(i, «Al x Ga y Ini_ x . y N (fc/fLO^x^l, 
O^y^l, x + y^l) -e^$tL^|S B B H ^^i-^> 0 
[0 0 13] 

[0 0 14] 

±.%m 1 co^Jt^V*-e(i> Iljfe^^ ^M^a^A l U G a i_ u N (fcrtf U 0 
[0 0 15] 

±IB^ i oMii^-eti, fjfS^^^M<7)A i o«:lt^\ Huis#2f#®<7)A 
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[0 0 16] 

^Al u Gai_ u N (tztzL, 0. 0 5^u^lT^^ o ) -^it^ft^ 
[0 0 17] 

[0 0 18] 

[0 0 19] 

±f£ffl 1 <7)$!yi77&-C(i, filS (iii) <7)IflK J3</>T, m^U^MUWM 
[0 0 2 0] 

«0^<7)^2<7)i!i^77Sf±. (I) &«±K. 

A 1 U G a v I n i_ u _ v N (fcfiU O^u^l, O^v^l, u + v^lt^ 
o ) tf?til.f^l^Mt^Itt (III) S*^#tf#H^T^^^ 
t, tjM^a, r;i/^ — a £ x&j >w Afrt>MiXirL2>4?& < t i> l oon 

ioT, LT, BufE^##:«±t'III^a'fbtflSB H H ^^ 

[0 0 2 1 ] 

±EJM <0»stt:£8rei4, ffiria^^^K^ Mfbvvnv, ih^'^'a as 

[0 0 2 2] 
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[0 0 2 3] 

±uM2<vm&jj&-v^i, mm-?x?mf)K nnf>, turf 

[0 0 2 4] 

*&m<om3<DWk3kl3mt, (A) &«_LK, «SAl u Ga v I ni _ 
U _ V N (tzfzL, O^u^K O^v^l, u + v^l-e** 0 ) "C^£*L&^ 
i#i^j£t*Igt, (B) flriE^S^O^ffiO-ffifcKftLTSMfcfcl* 

ZIMt.. (C) S3!IS:#tp#BB$CTJw^v»-C, 2P;*A, T)V<-*y 

[0 0 2 5] 

±ga»3o»jt^ftt?tt, friB (b) ©in*, (B-r) mt^mw-m^m. 
mi*~^*-->yztifz^x?mzM$,-r2>-T.mt^ (b-2) wsb^^jr** 

ISt, (B-3) frfS^^^m«:^*-t*X®i:Sr^-e^ 
[0 0 2 6] 

JilEU K H2i3j: tFH 3 OJRit^feTti. Hufe^»*\ ^ffi# ? (0 0 0 1) 
[0 0 2 7] 

±mw> i > n 2 is «t 3 cofijt^-efi. itmin^Tcif^ ^At* o 

[0 0 2 8] 

±SE# 1 , # 2 is J: tf* 3 OKat^-Ctt, itm#H^^naE#B^&& d 
[0 0 2 9] 
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[0 0 3 0] 

[0 0 3 1 ] 
[0 0 3 2] 

[0 0 3 3] 

(mnxm i ) 

mmmm i umm^mu^mmi-^tz^^^m^m^-MK^ 

[0 0 3 4] 

t?\ 0 1 (a) 3£«1 1 _ttc. M^CA l u Ga v I n !_ u _ v 

N (fzfzL, O^u^K 0 ==S v ±S 1 , u + v ±S 1 ) X$f£ 1 2 £ 

ff^-t^, (Iff (i) ) o #^#«1 2f±, fcfcAtf, **&£J5j?C*BJ&g (Me 
talorganic Chemical Vapor Deposition 
: MOC VD) -m^. ft^m^ li^y-a (Molecular Beam 
Epitaxy:MBE) M K5>f K^ttBJfcg& (H V P E) tM-Cl^o 
&BU 1 iZii, t7 7^7»G a Asi«, S i S i CMu A 1 N 

0 0 0 1 ) It*^t77^f7i«^fflv^ih^i-5o 
[0 0 3 5] 

^IC. il (b) ^l-J;^, 1 2 

v^^I13 (Iff (ii) ) o v^^H3lt G a N<7)ife-a^Sitt 
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GaN. A 1 2 03^^-r^^tt^ o Mo^A 1 U G a i_ u N (£fiU 0<u^ 

^l>i^ v^^Il 3fi, «^Al u Gai_ u N (/:f:U 0. 0 5^u^l 
[0 0 3 61 

O±Ii^0 2 (a) l<Z7r;-?o 1 2 (±, 77^11 3 0Sii?Ll 3 hJC 

>yZfiX^X%> £v\, ClOJ^^v^^Ml 3tf>_tMm£|II2 (b) K^-fo 

#71-5, v^^Il 3^A 1 N^A 1 GaN^^^i^ ^C4U£S&-C-€-*l 
fcO|R£JI2jSLfcO*>, F ^7 - ><Off^i ^ x f > J; o - - 

>m-H J fHo v^^ll 3j&*A 1 203/6^ &£*§-£\ ^ffiM-fttA 
1 (Om^M&LtKDib, WTs h^^->«i:x-;f V^CiotA 1 <7)JH 

*LfcA i20 3 M^M-e#^,o 

[0 0 3 7] 

Ell (c) 3^f>Iffitl»fi#:il 2^1 

*SHi:LT, ^MMfcJgl 2±HIima^lS B B B 1 4£j«£« (X® (iii) 

) o m&i*, mmz-a&wm^TK&^x, ^v^a. t^-^a^j:^ > 

tL.$«c:i:i:j:oTM$«it^^o Officii, Hi 
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[0 0 3 8] 

'JOA, t;i^~^a, ^ > y a i /c i± i ^, o v^< ^ f) ti-s o ift 

Kit, tF'JvA(Na), V^^A(L i )joJ:D ? ^ U >y A (K)^^il(m^^^ 

0"t>-e&, NaH i (DW^^m^^^-hif^^o NaUi Orl^"7 9 y * 
^ ^fflv^Tt^affl^ft-eti, (0 0 0 1 ) 73[a]J:i9^, ^^lMLTSi£^77[p], 1" 

[0 0 3 9] 

_L|BXfI (iii) Ciot, ¥-m>Wm 1 2_t& i^X^ll 3±^IIlMM^b 
tJ^ H H H l 4«ft-T^o ^l^^mKioT, &^^«^:A l x Ga y I n 
l_ x _ y N (fztzLO^x^l, O^ysSl) ti&Iimmit^Mi (fztz. 

l£G a N1MS.H) - <h § * 0 

[0 0 4 0] 

±IBXe (iii) K&^X, S*^-a-tf#H^:i: LT(i. Mm*** (N 2 ) #H 

-e&& i t ami bv^ 0 #^o^j»j3 ct tJ^sig^Mii, 7777^ o^;^ 

°C~~ 1 1 0 orejKT?, EE2Jj&*1£CEE~ 1 0 0 5CffiejK"Cfffc*t*o 
[0 0 4 1] 

[0 0 4 2] 
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[0 0 4 3] 

(HJfc^SE2) 

[0 0 4 4] 

if, 13 (a) ^i"J:-7lc, «1 1 ftfcv* ^Jg| 

3 2 ?:Mta (IS (I) ) o -7^^M3 2fi. t: tx.it ^ Iftv'J^/, 86 

-try'Jt^fKtMLtUv^ ^^I3 2«lt -?X?mi 3 tWl 
[0 0 4 5] 

>Xiz, M3 (b) ^^13 2 ^t>RtfJ"t*3£«l l±fc, & 

tSAl u Ga v Ini_ u . v N (tzfzL, 0^u^l> O^v^l, u + v ^ 1 T 

) -C^$tL^,|g H H H ^^^^>^#:ji3 ZZT&WL-Irk (Ig (II) ) o 
fti3 3 tit, tz tx.ii\ £"«&JR£WBJ£R (MOCVD:Metal Orga 
nic Chemical Vapor Deposition) yi-^v^ -f K 7 
W KSttUK* (HVPEffi) &o #ifti3 3«li, J&JISUg£ 

^x.^.itt:i:»)^l:^^-t^i^ 0 fctxJf, MOC VD^fflv^c|g B H H 
j£ftfci5V*t\ 1 0 1 0 t:<7)^T|g H H H ^cft^-^^ hg|4 (a) X ? tw, 

#*#13 3ttR£#fcJ!fc«-*-£o f fc, 1 0 4 0°CO^S-r|S B H H ^ft^-e^>i: 
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, HI4 (b) tz^i-i^tw, «!3 3(^WSSt^o 1070 
°C<7)SJS-eiS H H H ^:ft$ii:^i:. [14 (c) i^fJ:^:, 3 3 t±PJ*&R 

[0 0 4 6] 

iixihr;^ »j temtz^isMmK^mfom 3 3 *>^ii 

iot, ^$#13 3 £ttlS B B B i: LT, #S#«3 3 ±&ciin£S^«! B B B £^ 

(Ig (III) ) o IS (HI) »±, m^L^Ifl (iii) 

t|^f«OM-e|fHt^^o -OXfl^ioT, H3 (c) K^f 

, 3mh#S3 3±.Kiiimm.itm^3 4-t>*jfc&-r& 0 initjtM H H H 3 

[0 0 4 7] 

*l£lfl^£iSffl T^j&M&JRKWU th'J^A, V ^ * A js «fc 
AfrbMtttL&4?% < t i> 1 -?-*L<b<£> l tz\**:fLb<?>m&%B 

#ISh h h^S1-^ o *ffi<^ill& i £/*£ B B B j&g<i. x. ti\ iOS** 7 0 0 °C~~ 
1 1 0 0 o CfIJgT\ JE^^l^JE-l 0 0^EE®JS-efift»n*o £33, IKfttiU 

Ca> Mg, Sr. B a^t^fflt^iH^^o iO^jStC i*Llf, jfijftjS 
A 1 X G a y I ni_ x _ y N (fc/i LO^x^ 1, O^y^l, x + y^l) "C^£ 
ti&IimmtVamik&nhtL, ££xJ£\ GaN*S B B B ^> «^Al x Gai_ x 
N (tztzLO^x^ 1 ) -e^$n^|§ H B H 75n#^tL^> 0 

[0 0 4 8] 

^i^ar> iii^M4b^ H B H ^ffflx.^^4-t#^>- t^tiSo 

StfBJfcftffi-Cfdt, G a N^&^ft-t* %D»IK«rK, G a Nmf£ B B B 
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[0 0 4 9] 

(mm.fm.3) 

mmnmzx^ nmmitw&M*m&i'&tzfr<D^w<Dm<Djvm^^ 

[0 0 5 0] 

nMfim3 (Dm&Jj&XlZ, Z?\ »LL^ B-fc^A l u Ga v I n!_ u _ v N 

(fztzL, o^u^i, o^v^k u + v ^ i x&Zo ) xuzti&^mwm 
(xfi (a) ) o z(Dxma, mmmix-mmLtziM a) tm 

[0 0 5 1 ] 

B) ) o Iff (B) f±. /:ix.liTO (B-l) ~ (B-3) CTTItK 



[0 0 5 2] 

s-r, ¥mfcmommK'*?-->r2titz^A?m*j&m-?2> (is (b- 

[0 0 5 3] 

/io^®^-^nm^tii«^ffM-f £ (is (b-2) ) o ^iMoij^^ 
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[0 0 5 4] 

>x^, ^x?m*mm-z> mm (b-3) ) 0 ^^M£P£*i-&^s<±, 

[0 0 5 5] 

is (O ) o xm (o (Dm&f&mxmu, mmfmix-mmLtznm un 

[0 0 5 6] 

iOi?iat, SWM^Al x Ga y Ini_ x . y N (fcfiLO^x^l 
. O^ysSl) ^$ft&Iim^t%*SJi (/ct;Lf£G aNMiJI,) Sr^-f 
Sit § & o HJfe^Si 3 0»3t^i*H i *U*> 1 *5 J: 2 <7)MJit^ 

[0 0 5 7] 

immm] 

JfcWTNi, G a NI£ B 1,£j&ft£«J#^Co^Tl£l^&/6 i \ A 1 X G a i_ x N^> 
AlNtV^f:«Al x Ga y Ini_ x . y N (fc£U O^x^l, 0^y^ 

i. x + y^i) -e^$tL^,nma^« H B H ^i5]*<7)#vit'J: ot«i^. 

o 

[0 0 5 8] 

mmm 1 ) 

[0 0 5 9] 
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0 C V D& «t o Tff^iS;l-^o 

[0 0 6 0] 

^a^a^-c^t^ j:^ 0 v-Ket±, «Ai u Ga v i ni_ u . v 

N (fcrtfU OsSusSl, O^v^K u + v^lT**) fciSfc-tllljatSffc 
[0 0 6 1] 

^IC, v- KJg±tcvx^J^=Sr^-f^o ^**«lti, G aNBJ!i£Kllj!fl?UC 
<v^«**J:^ 0 £tx_fi\ ^tt>K5>f^*-!K> (DLC) ^AlGa 
N, A1N^»^H^„ AlGaN^fflv^i^Cli, -> - K« J: *) A 

1 o-g-ww*S5^ifc**M-e** 0 a i (D^mm&M^ tm&j&m<omtim>* 

i&<, loG a Nife^^LTvtillLH < < %Z>tztb'?A?l&t LXMLX^Z 
o IIIi7cii:£fe^A 1 OMcJtU:. 3Sf%J0l± (A 1 o. 03^ a o. 97N) # 
IiL<> 5IHf%^± (A 1 0. 05^ a 0. 95N) ^^KSJL^o f£> v- 
KitUA 1 GaNS:fflv^Ji^:tt, -eo^M«Ht£ iitv^ £ ^li 

[0 0 6 2] 

Nai:Ca^7r;nh LtflAL^G aN« (8 0 0 T\ 10 
a tm) ipfcMtLfco fiHtHM^f^ t7r^7SS±^ Ga.Nl (J?S 
:4//m) ^ A 1 0.07G ao.93Ng I 1 . 4 ^ m) i:^IILf;M^ffl 

v^o «?tl£o$r®^¥JC£l2I5 lC^i- 0 G a N*0*B5frOfflffil±tt#LTV>a 

a 1 g a nji mi^^f^-n «»^oniict±5//m-e*ofeo 

A 1 o.07G ao.93N^_h^O|S B H H ^g^l,^tL^^o^o 777^* 
[0 0 6 3] 

vX^ItLt^f^>K7^^*-!KV (DLC) 
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, K^Sff * -Cffiffl ^ £ ffl v * Tf§£ £ •£ 7° 7 X v i * ;u £ f IJ ffl -f 
[0 0 6 4] 

*m%XLtzG a Nmm^M-t^ ?4 v<Dm\^K^>^xm^Lfz 0 g a 1 

/7AtNa0. 8 8 ^AtNt* > K#IS H B B (0. 0 3 8 ^*7 A) fc&B 
N U 2. 5^flEfltt"C8 0 0t, 2 4 l$HJ&ffi1-&i§ltt^ 

tzfrj-V^y Fm&?>nS:*mfcLtz£Z.?> > 0. 0 3 8/7AT^O^I[i: 
mCX&^fZo Z<DZ\tfrt>^ trj^^-sYW^ 
?£ £*t L T & - t 5&*#j&> o o 
[0 0 6 5] 

m^mmu^miimime K^-r 0 z?\ me (a) iz^-txd^, t7r 

^f7it6 1±K, MOCVDS-eG aN^t>44'>- K® 6 2 £j£:ft£-ti-&o 

JMfcttKti. 3MRiSU£**^l 0 2 0°C-1 1 0 0 TCKfc& i -5 ic-fr? r >f 

6 1&;bnf&U h'J^f;Vf'j7A (TMG) tNH 3 t^*f±t:ttm^- 

■%m&m^Xi>£<, tzt?Li£, HVPE (^^f K7^f MM) &*»MBE 

i^Ii Lv\> 

[0 0 6 6] 

me (b) i 7 t:, y - Fi 6 2±i:v^^l6 3 ^Mt^.o 

*mMmTUA 1 o.07G ao.93N^<b^*v^^JH6 3 ^MOCVDfttfit 
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